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Introduct ion:  
Methanol product ion over a copper-zinc oxide c a t a l y s t  has  been extensively 

inves t iga ted  recent ly .  
K l i e r  e t  al. repor ted  a d e t a i l e d  measurement of the  r a t e  of methanol production 
a s  a func t ion  of the CO/CO, r a t i o  (1). 
C0/CO2 of about  28/2. Later, they a l s o  reported t h e  e f f e c t  of H20 i n  t h e  feed. 
Again, an optimum H20 p a r t i a l  pressure was observed (2). 
in te rpre ted  with t h e  change i n  t h e  a c t i v e  si te concentrat ion on varying feed 
composition, and competi t ion of t h e  a c t i v e  s i te  by C02 and water. 

With regard t o  t h e  e f f e c t  of  t h e  feed  composition, 

They observed a sharp maximum a t  a 

The d a t a  were 

Since these  d a t a  ind ica ted  a s t rong  dependence of the  k i n e t i c s  on t h e  gas  
composition, it became i n t e r e s t i n g  t o  t r y  t o  determine t h e  k i n e t i c s  a t  well- 
cont ro l led  g a s  compositions. 
d i f f e r e n t i a l  f low r e a c t o r ,  o r  by using a batch r e a c t o r  and performing i n i t i a l  
r a t e  measurements. This  paper descr ibes  r e s u l t s  of the l a t t e r  approach. 

T h i s  can be achieved e i t h e r  by using a 

Experimental and Resul ts :  

about 200°C. 
according t o  Herman e t  a l .  ( 3 ) .  I t  has a CuO/ZnO of 30/70. A l l  t h e  data  were 
obtained i n  t h e  absence of d i f f u s i o n a l  e f fec t .  The c a t a l y s t  was f i r s t  reduced 
by H2/N2, and then precondi t ioned by a mixture of C02, CO, H 2  and CHjOH,  which 
was also used t o  c a l i b r a t e  t h e  mass spectrometer. The r a t e  of methanol 
production was measured by monitoring the  gas  composition wi th  the  mass 
spectrometer. 

Br ie f ly ,  the  experiments  were conducted i n  a batch w e l l - s t i r r e d  reac tor  a t  
The t o t a l  p ressure  was about  17 atm. The c a t a l y s t  was prepared 

Table 1 shows t h e  i n i t i a l  r a t e s  of methanol production a s  a func t ion  of 
t h e  feed  g a s  composition. 

Table 1.  
I n i t i a l  G a s  Composition (%) CH30H rate H20 r a t e  

T°C _H2 

228 70.05 
70.25 
70.02 
69 - 75 
69.99 

220 71.13 
69.62 
1u.43 
69 - 44 
69.57 
69 - 70 
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50.01 

1.66 
3.76 
7.29 
9.45 

18.16 
28.80 
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0 
0 
0 
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0.YO 
0.82 
2.52 
1 .00 
0.87 
1.50 

10-5 moles/min-g 10-3 moles/min-g 

1.27 1.30 
1.50 3.30 
1.70 4.57 
2.00 9.88 
2.49 11.24 

0.118 - 
0.155 - 
0.158 - 
0.225 - 
0.410 - 
0.469 - 



It  can be seen from the  da ta  i n  t h e  t a b l e  t h a t  un l ike  previous r e s u l t s ,  
t h e  i n i t i a l  r a t e s  of methanol production increase  wi th  increas ing  C02/C0 r a t i o ,  
and the addi t ion  of water  g r e a t l y  suppresses  the  rate .  P a r a l l e l  t o  the  
methanol production, t h e  r a t e  of water  product ion a l s o  increases  wi th  
increasing CO,/CO ra t io .  
197OC.  

S i m i l a r  t rend  was observed a t  a lower temperature  of 

The e f f e c t  of water  can be explained by the  competi t ive adsorp t ion  of 
The e f f e c t  of C02, however, must i n d i c a t e  o t h e r  water a t  the  a c t i v e  s i t e .  

reasons. Since these  were i n i t i a l  r a t e  measurements, t h e  c a t a l y s t  can be 
assumed t o  be i n  an i d e n t i c a l  s t a t e  f o r  a l l  t h e  measurements, (except f o r  a 
slow aeac t iva t ion  which d id  not change the dependence on t h e  feed  composition), 
the  p o s i t i v e  e f f e c t  of C02 may i n d i c a t e  t h a t  t h e  hydrogenation of C02 i s  f a s t e r  
than t h a t  of CO, or t h a t  the  hydrogenation of CO i s  enhanced by coadsorpt ion of 
C02 which nay f a c i l i t a t e  t h e  formation of some uns tab le  intermediates .  

\ 
\ 

, 

i 
To i n v e s t i g a t e  the r a t e  of hydrogenation of C02 i n  t h e  feed  mixture ,  C1'02 

Using condi t ions s i m i l a r  t o  those used i n  Table 1 wi th  a CO/CO2 was used. 
r a t i o  06 about 4 / l ,  it was found that t h e  i n i t i a l  r a t e  of production of 
CHJOH-' 0 was about  a s  f a s t  as t h e  r a t e  of product ion of CH30H-"0. 
r e s u l t s  ind ica ted  c l e a r l y  the  importance of the  hydrogenation of C02 i n  
methanol production. 

The 

Another i n t e r e s t i n g  r e s u l t  is on t h e  rate of the  i so tope  exchange r e a c t i o n  
of  co2: 

This  exchange reac t ion  proceeds a t  a reasonable rate i n  a mixture of C 0 2  
and He, and C02 and CO. 
and C02 with the  rap id  production of C1'0. This  r e s u l t  can be explained by t h e  
rapid revers ib le  water  gas  s h i f t  react ion,  which scrambles  t h e  oxygen in CO and 
C02, presumably v ia  a formate intermediate .  

The r a t e  is g r e a t l y  enhanced i n  a mixture  of H2, CO, 
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